In a previous study we established a reliable setpoint for the prevalence of bacteria in whole blood. In the present study we investigated the possible preventive effect, of diversion of the first 10 ml of a blood donation, on the bacterial contamination rate.
Introduction
Since the implementation of programmes for reducing the contamination of the blood supply by blood-borne viruses, transfusion-transmitted bacterial infections (TTBI) have become one of the major hazards of blood transfusion. Sazama [1] estimated that 10% of blood transfusion-associated deaths are caused by bacterial contamination of the transfused product.
In the last decade, increased attention has been given to the prevention of possible systematic contamination during the collection (i.e. by disinfection) and preparation stages (i.e. closed systems, by the use of sterile-docking devices, etc.) of blood components. Reliable data on the frequency of bacterial contamination of donated whole blood, used for component preparation, is needed in order to validate the occurrence of systemic contamination, or to evaluate measures taken to decrease contamination. Recently, we showed that 0·34% of whole blood units were contaminated with bacteria [2] . That study compromised a number of units tested, resulting in a narrow 95% confidence interval (CI) of 0·27-0·44%.
Because the majority of bacteria involved in TTBI are skin organisms, it is probable that contamination is introduced during venepuncture. Investigators have speculated that a skin-plug is punched out by the needle during phlebotomy [3, 4] . Therefore, one of the suggested measures to reduce the bacterial contamination of whole-blood collections is diversion of the first volume of whole blood collected [4] . Olthuis et al . [5] were the first to show that for apheresis collections, the first 10 ml had a higher rate of bacterial contamination than the next two aliquots of 10 ml. Recently, Wagner et al . [6] showed the effectiveness of the diversion approach in an in vitro model system. Bruneau et al . [7] showed that the first aliquot (15-ml) of whole blood collected has a higher contamination rate than the second aliquot, without testing the final whole-blood unit collected.
We investigated, under routine blood bank conditions, whether diversion of the first 8-10 ml of whole blood from the primary collection container reduced the degree of bacterial contamination in the final whole-blood collection.
Materials and methods

Blood collection
Whole blood (500 ± 50 ml) was collected under standardized blood bank conditions in four-bag Compoflex CPD/SAGM systems (Fresenius Hemocare, NPBI International, EmmerCompascuum, the Netherlands), with an additional fifth bag. These blood-collection systems were designed and validated
[2] for use in this particular study (see Fig. 1 ). They allow both diversion of the whole blood (by Composampler) and sampling in a closed system, with the only aseptic handling being the transfer (in a laminar airflow cabinet) of a sample from the final donation to anaerobic and aerobic culture bottles (BacT/Alert; Organon Teknika, Boxtel, the Netherlands).
At all different collection sites of the De Meierij and CLB Sanquin Blood Banks, standardized methods for disinfection (double-swab method with isopropyl alcohol swabs), blood collection and storage were used. After venepuncture, an EDTAvacutainer tube (nominal volume 10 ml; Becton-Dickinson, Franklin Lakes, NJ) was filled via the Composampler device (the mean collected volume was 9·8 ml with ≈ 1 ml of anticoagulant derived from the tube between the needle and the Composampler), followed by filling of the primary collection bag utilizing a clamp on the line before the Composampler. The only difference between the Blood Banks was the storage time on butane-diol cooling plates [8] (Fresenius Hemocare/NPBI International) between collection and sampling for BacT/Alert (2-3 h in Group A; De Meierij Blood Bank, and overnight in Group B; CLB Blood Bank). Butanediol cooling plates were used to rapidly cool down the blood to 20 ° C (within 2 h) and to hold the blood at this temperature during subsequent storage [8] .
Automated microbe-detection system
Sampling was performed as described previously [2] . Both aerobic and anaerobic culture bottles were inoculated with a 10-ml sample of whole blood under aseptic conditions in a laminar airflow cabinet, using the integrated sampling needle of the extra sampling bag. Culture bottles were incubated at 35 ° C in the BacT/Alert® system (an automated microbial detection system, based on the colorimetric detection of CO 2 [9] ) until flagged positive, or for 7 days if negative. Subculture and identification of positive flagged bottles was performed as described previously [2] .
Statistical analysis
Statistical analysis was performed using the computer program I NSTAT 2·03 (GraphPad Software, San Diego, CA). The difference in proportions between the two groups was analysed using a one-sided χ 2 -test (one-sided because of the hypothesis that diversion would lower the contamination rate). P -values of < 0·05 were considered significant. Confidence intervals (CI) were calculated according to Fleiss [10] .
Results
Degree of bacterial contamination
In group A (sampling within 3 h after collection of whole blood), a total of 3405 units was collected and tested by using the BacT/ALERT® system. Out of these 3405 units, seven were culture positive, i.e. 0·21% (95% CI: 0·09-0·44%). In group B (sampling after overnight storage) in total 3682 units were collected and tested. In this group eight units were culture positive, i.e. 0·22% (95% CI: 0·10-0·45%). No significant difference was found between the two test groups ( χ 2 -test, P = 0·48). Combining these results, in total 7087 units of whole blood were tested (Table 1) , with a bacterial contamination rate of 0·21% (95% CI: 0·12-0·35%). Using our standard collection method without diversion of the first 10 ml of sample, the prevalence was 0·35% (18 257 units tested [2]), which is significantly different ( χ 2 -test, one-sided because of the hypothesis that diversion would reduce the contamination rate; P = 0·044). Except for the diversion step, the collection procedures were similar for both studies. Furthermore, the distribution over the year of the collections for both studies was similar (to avoid seasonal effects). Table 2 shows the bacterial species isolated from the subcultures derived from the BacT/ALERT® bottles that were flagged as positive. When the first 10 ml of blood was diverted, the majority of bacteria cultured were Propionibacterium spp, i.e. common skin flora. One isolate of Streptococcus bovis was found; this bacterial species is not normally part of the resident skin flora and therefore may have been transient skin flora that was not removed during the pre-bleed hygiene procedures. An examination of the donor from whom an isolate of Klebsiella pneumoniae was recovered revealed that the donor had no clinical signs of infection, and no blood products from this donation were used for transfusion. Culture results from both the red cell concentrate and the plasma from this donation were negative. Six months later a whole-blood sample from this donor was found to be culture negative.
Identification of positive samples
The rate of contamination with Staphylococcus spp was significantly lower in the series tested after diversion of the first 10 ml of the blood donation ( P = 0·015), whereas the contamination rate for Propionibacterium spp was similar (Table 2) . Contamination rates for diphteroids and Bacillus spp were lower after diversion of the first 10 ml of the blood donation, but not significantly so. Difference between the rates, (95% CI): 0·133 (−0·02 to 0·29). 
Discussion
In this study, under routine blood bank conditions diversion of the first 10 ml of whole blood was shown to significantly reduce the rates of bacterial contamination of final wholeblood units. Although previous studies by Wagner et al . [6] (using an in vitro model system) and Bruneau et al . [7] (with culture of diverted samples), strongly suggested that diversion of an initial blood sample would be effective in reducing skin contaminants in the collected unit, our study is the first to prove this for whole-blood collections. A rather unexpected finding was the specific reduction of contamination with Staphylococcus spp upon diversion of the first 10 ml of sample, whereas contamination with Propionibacterium spp was similar, regardless of whether or not the first 10 ml of sample was diverted. A possible explanation for this might be that venepuncture, rather than coring skin plugs (which are transferred into the diverted volume, and include both superficial and intrinsic bacteria), results in skin flaps that do not become transferred into the diverted volume. Superficial skin bacteria such as Staphylococcus spp might be rinsed from the skin flaps by the initial diverted volume, whereas bacteria such as Propionibacterium spp (which colonize the deeper skin layer, the sebaceous glands and hair roots) are eluted from the flap during prolonged flow and thus are still able to enter the collected unit.
Compared to Staphylococcus spp, Propionibacterium spp are slow growing, yielding a positive signal in the BacT/Alert between 5 and 6 days after culture. Because culture in the BacT/Alert is carried out under optimal conditions with respect to medium composition and temperature, it is probable that Propionibacterium will rarely reach critical levels in platelet concentrates during the standard storage time of 5 days. Based on the findings of the present study, the effect of diversion on the actual frequency of (stored) erythrocyte and platelet concentrates containing sufficient bacteria to cause health problems might be greater than expected.
It is unknown whether the origin of the Strep. bovis and K. pneumoniae contaminants was the upper gastrointestinal tract of the donor, as these bacteria can easily be part of transient skin flora not removed from either the donor or phlebotomist during the pre-bleed hygiene procedures.
To prevent waste of collected whole blood, the initial diverted volume could be used for test purposes and, based on the results of Wagner et al . [6] and Bruneau et al . [7] , a volume larger than 10 ml (current tests need ≈ 25 ml) could only be beneficial in terms of the final contamination rate. However, our diversion system cannot easily be used to fill several tubes without affecting the integrity of the closed system, because the Composampler membrane is no longer intact after its first use. Therefore, as long as clotting of the test sample is prevented, the collection system used by Bruneau et al . [7] might be an alternative.
Using whole blood as a source material for platelet components, the theoretical prevalence of bacteria in pooled platelet concentrates, composed of five single-donor units, would still be considerable ( ≈ 1%), despite the reduced contamination rate of whole blood. Therefore, in addition to diversion of the first volume during blood collection, all platelet concentrates should be tested for bacterial contamination in order to increase the safety of the blood supply.
In conclusion, the rate of bacterial contaminants in wholeblood units could be reduced by diversion of the first 8-10 ml of collected volume, especially with respect to contamination with Staphylococcus spp, commonly considered to be superficial skin flora.
